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(57)Abstract: 

PURPOSE: To obtain an MOCVD method enabling formation of a compound semiconductor 
layer containing Mg and an MOCVD method enabling easy formation of a grated structure for 
the compound semiconductor layer. 

CONSTITUTION: An MOCVD method wherein a IFVI compound semiconductor layer is formed 
by using an organometallic compound of biscyclopentadienyl magnesium series of which a vapor 
pressure at 330° CK 15 1.3 x 10 Pa (0.1 torr) to 1.3 x 102Pa (1.0 torr), or an MOCVD method 
wherein a four-element mixed crystal series compound semiconductor layer constituted of two 
kinds of group II elements and two kinds of group VI elements is formed and wherein the flow 
rate of one of two kinds of material gases containing the group VI elements is changed in a 
state of the flow rates of two kinds of material gases containing the group II elements being 
held fixed and thereby the compositional rates of the group II elements in the compound 
semiconductor layer are changed. 
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mxmi] 3 3 0° Ktz^mmfmifii. 3x10 

PaftMl. 3X10 J PaT*5t!Xi/^n^>^-; 
Xx;Vv^*v^A*©W«&»fc£&£fflVrci I - 

v i mk£®¥mfcmzMi$.Tzz.tmmt-?z,^m 

[§1*913] tfX>i7D^>^^X-;l/T^->^7AS 

©#«£jm&&IM3:. Ex-r v:/ntr;j/->?D^>^ 

[»*JS4] I I -V I £te<&»¥al*#l©/£gfl£ 
tt. 4 0 075^6 0 0° C-eifc££2:£#®i:TSW# 

[M««5] 1 1 -v 1 J^£*¥*#Jl£JBj*-r.&& 

»fcfflV>S*T.5I I«S7C***trJI»3!/^R:»f«VI 
^*&£tMSt8#X©ttl&*Jfc&t, 275S5 0T*S 

c t *®wl ttzwum 1 7>£imwu ©urn* 1 a 
(c!B*©*«l^ii»ffi^Sfe. 

©#«£JiWfc61&«*«*tt*;fc©te. ^#tS^Hft^ 

m 1 7is»*« 5 ©v»rn* 1 JSKe*©*«&RfWB 

[»*9I7] II-VI«k^i«:iliZnMgS 

s e c t&mkt-rzmim 1 7>5»*« 6 © 
^■rn*>i*fcB*©#«^£««sj£. 

[■1**8] I I -V I Sft&ftf»*)SI:H. Zn 
i-iMgiSSetZni iMgiSSe (fiU X=£Y) 

[»*«9] 2iiffli iK7c#&iy:2as©v \wt 

I iK^**£tr2«£©K»#x©#xiilS£-s£»:: 
VI«7C*S-&02«B©R»jtfX© 
^©-^©tfX^afc^ftSliSrtlC.fc^T, flS^ft 

***■*© i i«E7c*©ifiriEii^ft«flsa«*^tft 

[M££10] 2 9*©i itt?c*;&tf2WN©vi;K 

v i^7C5d&^tJ2as©is^x©^x^fi*-gt 

I i«e£*S#tr2«B©M»3!f^© 
rt©-*©^XSSE**^fl:3-er«CtC«fc-3T, 
¥«#!*© V I *5c*©»a»!-&««fca** C fcft 



(2) f#KPP7- 1 5 3 7 0 0 
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MMM1 1] I I*i7C**£02«©]KH;*fa©|*i 
©-#©SC&#Xti, 3 3 0" KK*Jt*3*«£E*tl. 
3X1 OPaMl. 3 X 1 0 2 P aTifeSlfXy^D 
^ > * 3?x=* v -> ^7 AJR©*«^JHfl2^«& t-fttr 

0 £G*©ttM&Rftfg£ft&. 

[g»3fcS12] fXy?n^>?yi-j^^-/^A 
*©*«*Kft'&*tt, k'X^f^y^n^y^ylZ 

*©;ff8l&RStfflf£g&:. 
[R3&H13] HX^^D^^yj-^Y^y^A 

>?x^7^y»ATS5'i:&iSit5i»*51 

1 cE«©*«^jaftfflfi£gj*. 

[ft&R14] 2«S©I I«7C*ttZnRlA4g*S 

20 1 5 ] m*m 1 nmmxm. 1 4 {csa«©#ti& 

^Mfnijfi. yiz-f-fyhm SKtlSC 
BW!©Bllfc«9I] 

[0 0 0 1] 

L8«-k©*tWl*MH **Wtt, 1 i-viif^f 
a? ##»£JBJ*-r*fc©©#«&«*Bj£S8; (MOCV 

ED«©sBe#?©fp«*«steBrr*. 

[0 0 0 2] 

»tt/T, I I-VIJSft&ft^im 
8 t J1& 3 nr H -5 Z n M g S S e ffc-&<ft¥R#:©W5<5 
*Sjt©enT^«. ZnMgSSeftMl*i*S, * 
y y*Sttf l/TZ n S S e 
±0*>Ah3a:|BJf**#UTVi-5©T. we* 
47 *^--y©*7yH***d6T**mtLT*l,TV» 

[0 0 0 3] II - VIM^tt¥f#llt SttT 

BE (Molecular Beam Epitaxy) j£iCT I I -VlJ&ffc 

50 [0 0 0 4] ti5AS. ZnMgSSe^i*f#I 
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}&&«**J2 0 0° C«Tifi<> ^mSi!©^^** 
£&¥£ftE©&J&fflffll#Bii<!:&5. iNJHfrl' 

[0 0 0 5] ft^W¥i*#«£jeM£T*#J©&«K:MO 
CVDj£#&5. MOCVD&iC&^Tte, fb-&«5¥* -W 

ts^^fMa^, <b^%¥$#js©*ai£©#x$it 

[0 0 0 6] 

[^^*gtb±5tT5SjS] L^Lfcatf,. ft*© 
M O C V D j£ tC T«ffl 3 tlT V> -5 M g m#*8&S#f* 

a. trx^n^^xx^vi^v^A [Mg (c 

sHe) 2, 15ft (Cp) 2 Mg] CO (Cp) 2 20 

»ftT«fflT#£ta«l&i!T-;&-5 3 7 0° KKTI:*^ 
Tti, (Cp) 2Mg©IIJ£iaiX10- 1 h^ (0. 
1 3 3 P a) KTT-a&S. lot, (Cp) 2 Mgil. 

(DM Z n) ^i^^Hzl^ (DMSe) \t. &+~ 
SB" WHDli»EE£#U ^atCMOCVDSt^ltS 
fc!fi§iS*t©JS!|sWX t LTffifflT S C 

[0 0 0 7] ZnSe*5^ft^fi#;I£MOC 30 

VD&\zTMis.-r2>&mt&%i-v&ztf. «±©aa^ 

£3. ZnMgSS e^S^-S-ffc-S-tl 
¥«#:JI SMOCVD S TSS± \Z igft^fi 3 

[0 0 0 8] S^t, *^©miogWli, MgSt 

tMb£-*¥##Jl £jgf£Lf§£MOCVD 5 

tcTSMOCVD&fcJfft-rSilit;:**. 3EtC, #58 

Off SKf££iift-r<5 C £ 
[0 0 0 9] 

TSfc©©#^fi©m©&«fciS3MOCVD8;f4, 

3 3 0° KICfe^^^SUE^l. 3X1 OP a (0. 1 
WW nmi. 3xi0 2 Pa (1. 0 WW 
X ? o ^ > * v°xx;Pv -> A & ©^te&Sfc'fr 
feSfflVJTI I-VI*fc£ft*i»#Bfc»ritt-*;ifc 

[ooio] *5£w<D$gi<Dmm\z%z>uocvDmz so 



#HPP7- 1 5 3 7 0 0 

4 

: rr«^R'fb-&«ja» h x ^ ^ -> ^ □ ^ > ^ ^x-;pt 

i^v^A [Mg (CHsCsHO 2] S&-5W4lfX'fy 

yntf;i.->^n^>^i;x-;i.v^v"j7A [Mg (i 

-CsHrCsHO 2] tT5Z.t&-VZZ. 

[0011] tt, 11 -v imfc&mm»me>tii& 

i&ftK. 4 0 07^6 0 0° CT?*£:i£#M*m. 

its. 1 1 -v im&&m*m»m*&i8L?z>itibiz 
ffl^snsi 1 Hutm&^timnux \zit-rz v i *tc 
m^tsmn^xoy^mtt^ 2 tjs 5 0 -cab-s - 1 

•>A*©#«£*fc£*ftii*«stt*ft»fc, #«6&s 

[0 0 12] *«W©J||l©jdWIK:«*MOCVD«fefc 
*V»Ttt. I I-VIMt^fl*iUZnMgSS 
e*>6«|j*-r*ci3i«-e#*. I I -VlUHfc£*tMMI 
#Hfcl4, Zm-iMgiSSetZni-iMgiSSe 

(fib. x*y) to^Towm&mtfrtzz tares 
[0013] ±E©B»s»aE7r«;fca©*»-ji©jiS2 

CDS'MSycfllSMOCVD&li, 2 WM.O I I $OT?SR££ 
2a«©V I *^*#&/&«n7%JHMk£«-¥*tMI 
SMtSMOCVD^SoT, I Ift7C*£#iT2 
«£!©IiCi|Sf;tfX©;tfXffiS£-£!C&#L;fc#jiT. V 

1 i^*£$tr2«K©K$f;ffx©|*3©— #©#x«ai 
S^ftSt5Ctl:i^T, {b-&#»^*#:)g*© I 1 J£ 

ax, 2as©i i*7c*R«2aa©vi*7n*^6 

fi£ 5 ES7CSffi^'fb'&^*#:S ZMffrf -5 M O C V D j£ 

*«-jeefia*L&tt«Tr. 1 i*7c*ft$t»2wn© 
B»^x©rt©-^©^x«JIS«'fb3#-5 

[0 0 14] **9|oJB2©««fcfll4MOCVDfltfc 

*3v^ri4, i im7£m&$ts2mm<Dwm%7><Dftz>- 

jSOMnXXte, 3 3 0° Kfc*W*3Kftffiatl. 3X 
10Pa7551. 3xi0 ! PaT*5t*X">i'D^> 
^•^izk^ -> 9 ASi © W«^S{b-&« Sff 

5?xx;i/T^->>>A3g©*«^Sfl:^«>B, t'x^? 
ji/->i7 n^>^yxx;i/T^>/ij7A*-5^«fcfx-i' y 
^'Dtf;V->^n^>^>'xx;Pv^->'j7ATafe5. 2 
aSf©I I«7t*l4ZnRm«g*>6SD, 21IOV 

[0 0 15] **!fl©5Be*?©f|stt#tttt, K±tSE 

^fcMocvDftsfflv^ct^ttn. ase*? 

-f^yHii. £U<ttSCH#fifi£»J*-r*2:ti«* 
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(4) 

5 

[0 0 16] 

[ftffl *5!WOMOCVDj£C*V»Ttt, 3 3 0° K 
\Z$>VZ>M%J£tfl. 3X10Pa»il. 3X1 0 2 

^«ft-&»&fflVi-5^ttt«fcoT, MOCVDfelCTM 
5. 4 ^©Jg&#7,©|*3, 1 ^©K&tfX©^ 

can*. 

[0 0 17] 

[0 0 18] Ql*«l) SlJtWltt. *«WCDSlffl 
«Mifc*»*»*MOCVDafcH-r*. *JMIlT?tt. M 
x v- ? □ ^ > * i>xx;i/? -> a ?S ©*«&«fc'& 

A [Mg (CHjCsHi) 2] [KT, (MeCp) 2 M 
g£8&-r -5] I I-VIM 20 

&4fe¥*#Jftt. ZnMgSSe^6js£<&. gjtttlfc 
fc^Ttt. (MeCp)!Mg«XiZ)Mimftt 

iroznMgss e«f©Mgj«»o«fc*wyt. 
[0 0 19] II -V Ii*fc£<ft¥3WMS©j£gflfl*£ 
4 8 0° C-JtiiU H^i-UT^Xfel. 3 U y h 
V^-StUt. MIC. S/^9 1 JP> J >^ (DMZ 
n) . v^?;HrV> (DMSe) S»?IfM*7 
x^H (DES) ©#JK»;tfXft|&«*. «T©-£© 

DMZ n : 1. lX10- s W/» 30 
DMS e : 3.3X1 0 
DES : 8. 8X10" S W^ 
[0 0 2 0]-*. (MeCp) iMgjJXCMi 

1. exio-'WM^^tstt, (1 

0 0) GaAsSSlC, fEMOCVDSCTZn 
i-iMgi SS e:fr5tfM:^ro#■£fl^B£ft^1i- 
T, fta©tm*fMftL£. ft, rts£tl¥3i*#JI©i|gii 
i»£Sic5fei£^, *3H#X»H3WT?, 6 0 0° CxlO 

[0 0 2 1] **«#mtt<7>Mg«£Md' [X/ (1 40 
-X) ] t (MeCp) 2Mg#X©«iii&*i:©li|fl*£ 
01©*« TAJ CTjkT. MgfiJESlI^ [X/ (1- 
X) ] a, IT^-^V^f^n/t'J^XS (EPM 

Am jj>6*»fc. a>«>-B«aK»©/'«>H*+ 

y^E«t (MeCp) *Mgtf;*C!>A£fta:©Nff£BI 
l©tft!8 TBJ iCT^r o n>H^ty^E,B, 7 7 

[0 0 2 2] Hlfr&H&frttJ^C. (MeCp) 2 

Mgjtfxo«»«*tJtt!irrr5K:tt^. Mg&j&idS- [x 

/ (1-X) ] ttftamiCJMPlsT^S. (Me 50 



f#BfPP7- 1 5 3 7 0 0 

6 

cp) »Mg*xo«»**»i»inr*fca^. /t>F* 

^y^E.feataiWfcJtllOL'TH*. d<DlS**>6, M 
g^«fPttA<ft##MHMM»»+IUtDa*n. BBS 

[0 0 2 3] HK, 7 7° KtCTateLfcA^!W?i7* 
[0 0 2 4] H3fcX«ny*>if*--/0|S* 

[0025] rn^rotei^e,, ^somocvds 

Cti^US; Z n M g S S e * 5^5ft^if ifI4" 

[0 0 2 6] ft, iSK©ifgm. 1 1 - viM&i** 
#*0J*JHUEi8*4O 0' C*«T«. H*!f#X#*&# 

!©*ffi£®»&«£L££;i3, dEfiigii6 0 0' 

[0 0 2 7] *&, ttft©*^, I I -V imt&®i* 
SIMWi«»«f*&»KfflV»6nsi I»7C^£#tTlR 
SflXl^nV I &7cJ&£^trJiC&;ffX©#tf&Sit 

fco £©««&*&#£©«»&> S&lft-r -5 fc, 7 7° K 

[0 0 2 8] (*J£#|2) £Mttf2& *5g9!©Sf§2© 
•»t#*4MOCVDSf:Hn. 3HM!2Ttt, If 
Xy?D / *>?j'IZ^V^y'>AS ©*8l&Kft£ 
fcfiLT, (MeCp) :Mg£fflW. Sft, II- 
V I ttfc$<|fe¥WMN;£. ZnMgSSefrSfSS. * 
J|^J2(C*5ViT«, DMSeQ^i^T. ZnM 
g S S e f (OZ n/Mg©a^t^fe. 

[0029] 1 1 - v i mfc&m*m#m<Df$.&mtz 

4 8 0' C-StU H»*lrU73!fXftl. 3Uyh 
It. DMZ n, (MeCp) 2 M 
g&tfDES©#K£f#X«i|i&*£, &T©-£©«i 
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#M¥7- 1 5 3 7 0 0 



DMZn 

(Me Cp) 2 Mg 
DES 



7 

1.1X1 0-*W/ft 
1. 2X1 0^)1/ ft 
8.8X1 0" 5 ^/# 
[0 0 3 0] DMSe^XOMi^l. 6X1 

0' 5 ^/#-3. 3X 1 0- 5 ^)l/ftl£Tm*m\:2 
■£T, (10 0) GaAsStK-htrmEMOCVDffilC 
TZ m-iMgi S S efrZ&Zit<£%}*m&m*&&&L 

ft aire, aa^a^^surco 

*3l#X3?HM*T* 6 0 0° c 

x i 0^^-v;Px^^^S«^JgL^o 

[0 0 3 1] ^*5SiKfiOMgM [X] LDES 
/DMS eOm&S$&t<DMm*m4\Z7jk? 0 Mgfi 
J* [X] fi, tf^V-^^DTtU^S (EP 
MAffl ^S:fcg>&. H4*>6?a6^3S:«t5^ DES 
/DMS e<Oft»i||^iat5i:aK Mgffij$ 

[X] tttt«»te*jDLT^*. E©*S*fc&* DES 
/DMSe©«|&M(-&*lWIIT5ilifc«toT, Mg 



5 



10 



[0 0 3 2] %K«[3f2. *«9BOJBlfi!> 

8«l:**5MOCVDiSfe, Stf**-5MOCVDttS 

Kfl^WtLT (MeCp) 2MgtfflVift. 
—W99y FJitlPMM** I I -V 
■ttZnMgSSe#>6/£*. «St*^«**-r 

HT, *JI«3OMOCVDft&«¥»flclx--1f0!)fp« 

[0 0 3 3] [Xg-3 0 0] 5fc*S\ MOCVDgMft 
teEKU&ni! (10 0) G a A s *K 1 0 <0*jSte, 
*##X#B5L*T6 0 0° CX 1 O#0D— 

fc, G a A s StRl 0±tC, JP£ 1. 5 /imOn- Z n 
o.sMgo.i SS eft>&j£&jBl >7y KJfl l^MOC 



JSCS#X : DMZn 

(MeCp) 
DES 
DMSe 
/1>h : C2H5 I 
+tU7^JX: H 2 

iiea^sias: 4 8o° c 

ft, I I &^S£^frK&#X [DM Z n + (MeC 
p) 2 Mg] W^VIi^mSfl^fX [DE 
S+DMSe] <0#»mit (V IX I lit) tt. 1 IT 

[0 0 3 4] N, HTO#n3ifc*^ (MeCp) 
2Mg*|B3&Sli-*&»t;:, MOC VDgBfC&tfS 

(MeCp) 2 M g *lft«)fcfifi«Oift*^ (MeC 
P) iMgOM (3 0° C) BUJIMt (5 6° C) 



1. 1x10 

2 Mg 1.7X1 0-'W» 
8. 8X10 " 5; E;k/# 

3. 3X10 - 5: &;k/# 
1. 0x1 o-^ji/ft 

1. 3UyhV» 



KWtfX : DMZn 

(MeCp) 
DES 
DMSe 

**U7#X: H2 

iiea^fifiaE: 4 8 0° c 

ft, I I fcJc^^trKHtfX [DM Z n 4- (MeC 

p) 2 Mg] \zft?z>v im7tm*$t$mn%7s [de 

S+DMSe] 0«|«tttt % 1 im 
[0 0 3 6] [11-3 2 0] 2± 



DMZn 

(MeCp) 
DES 
DMSe 

t — BNH2 
H 2 



CO (MeCp) 2Mg^*^XT/WU>^lT, * 
SS#X£**U7#*£UT (MeCp) 2 Mg*X£ 
30 MOCVD»«fc«3i-ft»r*. 

[0 0 3 5] [lg-3 1 0] 9tl99yPmi 
l±fc, JP20. 0 7 um<DZ no. 98 Mgo. 02 S S e^ 
SlSSSttll 2*MOCVDISl:T*«l/fc. »J«* 

1. 1x10 - 5 ^e;1'/# 

2 Mg 3.0X1 0~**:)V/# 
8. 8X10 " 5 ^;k/# 
3. 3X10 ~ 5 *:)V/ft 
1. 3Uyhfc/# 

(-> 5 /zmOp -Z no. 90 Mgo. 10 S S e^6 

1. 1x10 ~**:)V/ft 
2 Mg 1.7x1 o- 7 ^/# 
8. 8x10 - 5 ^;k/# 

3. 3X10 
1.0X1 0-*W/ft 
1. 3Uyh*/» 
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»BB¥7- 1 5 3 7 0 0 



9 

4 8 0 4 C 

I I Hl7C***trlR»*fX [DMZnf (MeC 
p) 2 Mg] tC^rTSV IJ!l7C*££tt«tt#X [DE 
S+DMSe] ©ftJ&Stbfck lim 
[0 0 3 7] ^5UT, Sl^77Hill ^ttll 

Z m-iMgx S S e d:Z m-iMgi S S e ({SU * 
H»*fX : DMZn 
DMSe 
t -BNH 2 
H 2 

4 8 0° C 



26? 



[0 0 3 9] [X8- 3 4 0] GaAsSfil 
0COj£ffi^AuGe/N i/Au^Stonlfll 5 
mib> tt7^«i4±i:Pd/Pt/Auj5^iS 
^pligHSMU 4 0 0° CX1^07--;P 

0 5 t«SC»a-«irWHft«'r J: o fc, ^^Mfn 

[0 0 4 0] *ll«3K45^Ttt, fittll 2£ZnM 

W^ZnCdSe, ZnSe, ZnSSe*©ft§» 

[0 0 4 1] (^*SW4) «JKM4tt. *SM!©JIS1<D 
JB«fc*>tf>£MOCVDft, Jtf*WMOCVDttt 

«ft^*tl/T (MeCp) 2MgSfflWc, 

jgft#X : DMZn 

(MeCp) 
DES 
DMS e 

F—/t>h : C2H5I 
**U7#X: H2 
Hefi^SiB*: 4 8 0° C 
St* I [DM Z n + (MeC 

P) 2 Mg] K»r«VI«7C*ft*tr«»*^ [DE 
S + DMSe] Offiftiltlt lim 
[0 0 4 4] [Ig-4 2 0] ^IC, »l*^Hi2 
0±K, HSO. 0Um©ZnCdSe*545gtt 
Ml 2SMOCVDttfcT»*L& i JM^frSJHTfc 

gURUX : DMCd 1. 0X10 

: 



*X=0. 10, Y=0. 0 2) tOAfP#WW$ 

[0 0 3 8] [Xig-3 3 0] *<D'&. £2jr??FJ| 
1 3_hfc, jP£ 0. 5 Atmc^p-Zn S eA*&jfr5^* 
y^Jil 4tMOCVDfttT«Wbft i 

1. 1X10- B W^ 
6. 6X10 - 5 ^;i//» 
1. 0x1 o 3 ^;i//^ 

1. 3Usrh*/» 

*-1f099y FJBftlPMrt-* I I -VI«ft^|# 
HiZnMgSSe»6^. *fc, »3K*f**M«- 
*ft-&*¥»ffJifc^ SCH*JB*»riE-r<5. £TF» 

mm 4 © m o c v d aft of^s^ffi e 

[0 0 4 2] [Xg-4 0 0] $fcT, MOCVDgfft 
fcE«l,&nS (1 0 0) GaAsSSl 0©*Hffc, 
^ **^X#H^^6 0 0° CX 1 0ft<D<y—^)l>Xy 
^SHU GaAs»*10O*H*»#ftl&. * 
fc* GaAsMl 0±fc, JPS1. 5Mm<E>n-Zn 
o.9oMgo.ioSSe^5flc^l^77Hll 1^, ^ 
J60J3C2 [Ig- 3 0 0] £ra*0£fr©MOCVD« 

[0043] era- 4 10] mittyyvmi 

1±(C, JP£0. 1 /imCOn-Zno.98Mgo.o2 SS e 
*>&JS£*l«#-r Hl2 0tMOCVDSfcT»J*b 
ft. «M#^iTl:^t§o 
1. 1x10 - 5; e;^/^ 

2 Mg 3.0X1 O- 8 ^/^ 

8. 8x10 

3. 3x10 - 5 ^;i/,/# 
1. 0x1 o-«w/# 

1. 3Vyb)lr/& 
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DMSe 1. 
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1 x 1 0" 5: e;]//# 

2x1 0 - 4 ^;i//^ 

H 2 1. 3Uyh*/» 

4 8 0° C 



DMZn 
(MeCp) 
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DMSe 
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[0 0 4 5] [Ii-4 3 0] *<D'&, gttil 2± 
fl\ JP£0. 1 /im0p - Z no. 98 Mgo. 02 S S e#*£ 
J**»23fc;tf-f FB2 lSMOCVDj*KT»J5KL&. 

1. 1X10 -s^V/ft 
2 Mg 3. 0X10' 8 W^ 
8. 8X10 
3. 3X10 - 
1.0X1 0~**:)V/ft 
1, 3VybJlf/& 
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fefi^Saffi: 4 8 0° C 

i i mTtm&^&mnxx ld m z n + (Mec 
p) 2 M g ] \zft?z>v im7tm&ftt*mPU!x [de 

S+DMSe] £>#*&*Jtte, 1 I-?**. 

[0 0 4 6] [18-4 4 0] JB23fc»-f Pli 

2 1 JLJC. J?2l. 5 MmCOp -Zno. soMgo. io S S 
e#S/fc£!S2^y FJBl 3£*Jfc«3© [X8-3 
2 0] tB«(D*fr©MOCVDttKT»dEL/&. 

[0 0 4 7] £5LT* FJB 1 liJBl** 

^FJi2 0<Z)fW* Kf»2%iS^Ym2 1km299v 
HWl 3©Mfctt, Zm-iMgiSSetZm-iMg! 
SSe (fiU X=0. 10, Y=0. 0 2) iCO^x 

[0 0 4 8] [Ig-4 5 0] »2?5yHI 
13±L J|$0. 5/im0p-ZnSe^6*Wt 
^■Ufc XJM!3<Z> [X8-3 3 0] £H4K<Z>ft 
frCDMO C VD«KT»«bfc. 

[0 0 4 9] [Ii-4 6 0] #^T, mmM3(D [X 
8- 3 4 0] ^I^S^STGaAslffil OCOJSMtC 

6 ;i5iT, B6K«a»fc--»BrHB* 

[0 0 5 0] *WK!4fc;6trvrtt, JSttlBl 2^ZnC 

^«ZnSeTe *®fc£4b¥*ft4> 6»Err3 21 1 « 
Sft, Sl?7>yFi20, n299vYM2 
HZnMgSSe *ft^*¥»ft:JB* 6llJ«Lfc38t, 
ftfcDfc* W^ZnSe, ZnSSefc?)fk^#* 
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[0051] (iokms) ^imshu *%w<DmiR 

^©ti^Mft^tlt (MeCp) 2 Mg^ffl^ 
fe« aHI#k— !f©*9*FM*il#r*I I -VI* 
ft^fifti^ZnMgSSe^^to, £fc, 

JMW*. HT. *lM5 0MOCVDftsm#:l/ 

[0 0 5 2] [X8-5 0 0] jfrf, MOCVDgBft 
f:Ettfcnl (10 0) GaAsSffilO0MC> 
*^XSiM^6 0 0° CXl0»W-7JHy 
27 fftlSU GaAsMlOOjfflftajMtLft. * 
fc, GaAsSfil 0_L£, »S 1 . 5umCOn-Zn 
o. eoMgo. io S S efrZf&zmipyy Hill 1 II 
ttfl3 0 [X8-3 0 0] iH*0ft#(DMOCVD« 

[0 0 5 3] [18-5 10] WZ, 
l±tC, #£0. 1 /xmOSlfttf-Y KB 3 0S**fl 
©«20««fc«*MOCVDtfefcT»J«L&. 
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DMZn 
(MeCp) 
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DMS e 

C2H5 I 
H 2 

4 8 0° C 
3X10 



' 5 ^fr/ftft 6 7. 0 X 1 0 - 5 

SlffilZ&it'Zltito ^nCi^T, Zno.9 8 Mgo.o 2 S 
Se»&Zm.nMgi.ii S S csfcttj«*?it«e9t* 

fci/Tjat*»i3t«r<FM3 03WB«anfc. n, dm 



T. Z n RTfU g eJU^tfBtlBttfi: 3E*fc LTfi£££l 
l*«f-f FH3 0*»J«-*51i«lTr*«. *&, DM 

KW/fX : DMZn 

(MeCp) 
DES 
DMS e 



1. 1x10 - b: e;v/# 

2 Mg 3. 0X10- 8 W^ 
8. 8X10 

3. 3X10 " 5 -7. 0X10" 5 

1. 0X1 0 

1. 3UyhA/» 

[0 0 5 4] [X8- 5 2 0] Jfcfc. SSlfttf-f FIB 3 
40 0±tC, ISO. 0 ltfm©ZnCdSe*6jjS5flHt 
il2$> £)Mf4® [X8-4 2 0] &Rttl(DA#0 
MOCVDSKTJM6U&. 

[0 0 5 5] [X8-5 3 0] gftfl 2± 

fc, ffS 0. 1 tfm©)g23e^ FJS3 1 £*5g9K7)Sg 
2©«l*K:«*MOCVD35fefcT»riiLfc. 

1. 1x10 

2 Mg 3. 0X10" 8 W^ 
8. 8X10 -**)V/ft 
7. 0X10 ~ 5 -3. 3X 1 0' 6 
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H— K>b : t -BNHi 

m&msMm: 48o- c 

W, DMSeJi, kE©«fc3fc. 8^1:7. Oxio 
- 5 tefr/ftfr 5 3. 3 x i o 5 * £ rteffimzm 
^Mir^fts-a-fc. rnci^t, zn,. 9S Mg 0 .oiS 

Se*6Zn 0 .„MgD.c ! SSe'stfflWlSS«l:^ 
fcLTjS«»23fctf'f F»3 ia»#i«anfc. 1*, DM 

T, Z n&ZfiM g ©«riMll^«»ai»»fc«fl:LTrt*» 

2 3fctf-f H»3 1 EfcfltT?**. DM 
Se©fl«itI6ftS*«ftbDl:, DES©ft*&Mft 

[0 0 5 6] [DDB- 5 4 0] Jfc^T*. »2 3t35f-f FJi 
31±(C, Jl$l. 5 Mm©p - Z no. 90 Mgo. 10 S S 
e*5^2^7yHSl3^ &KM3© [X8- 

3 2 0] tHiC^frfflMOCVDStTMLfc. 

[0 0 5 7] z\ 5 LT, JB136^-f H13 0S«*2* 
#-f KM 3 1 fctt, Zm-iMgi SS e*6Zm-iM a? 
giSSe (fib, X=0. 10. Y=0. 0 2) 

V-7-A v H«JB MM!Sh6. 

[0 0 5 8] [18-5 5 0] Sll2?55>FJi 
13±C, J¥£0. B/imOp-ZnSeii^+f 
y^lUt. &Rffl3© [XS-3 3 0] iH«©& 
frOMOCVDSCTMbfc. 

[0 0 5 9] [Ii-5 6 0] ^T, GaAsiSl 
0©«ffil:AuGe/Ni/Au*5«4ni*gl 5 
SMU +tyyil4±KPd/Pt/Au*5)S 30 
SpSiil 6ft^j£b, 4 0 0° C x 1 #©7--;l, 

F*H6t#r*GR I N-SCH||*ft:rr*¥#*l' 

[0 0 6 0] 5 »t*V>THU fiH£Ml 2ftZnC 

d S e *fcft4tr¥*#jfj°» 5*J*bfc«t, ftfc> 0 fc. fl 
Atf Z n S e T e*Oft^*ip*#3&> £ tfe 

[0 0 6 1] 3felS«5fc*^Ttt. *fc. fl/-f-f 5/ 40 
F*jfift*r*J6l*?yFJi3 0, g2??yFJf3 
IS. **W©S2©ffi«t«*MOCVDSCTje)* 
bfcflt, «toDK*»tfl©iBl©ji«fc<S<5MOCVD 

£ \z $> * t,* agptw ic^ft a *n tf * v». 

il^5yFI3 0, 12^77^13 1 ft, *^BJ© 
MOCVDSCI^rc, flAttZnSe. ZnSS 

[0 0 6 2] «±, ff*bV^«fc*cf.**5W§*R 

*»wttcn&©sas«KiH£i*n-S'b©-e so 



#BS¥7- 1 5 3 7 0 0 

1. 0X1 0-*Vl/ft 
1. SUsrhJk/d 

yum. &nmmizr®wLX:&#^i(a.mm*-?& 

-;Pv^*^A&©*«&Sfc£tlibT, EX** 1 
ft D ic. t*x-i'V7 p Pbr;i/->irn'<>^ s?x - ;P v ^ 

[0 0 6 3] **«t*V»TH:. Mgttim^ 

tbTZnMgSSe ft fl 

i: CHEW bit*, ^-©te> ZnMgTe*fflMgMi 
S^ft ©tS*j£ ft b T*5IHJ ft jiffl-T 

[0 0 6 4] nIH-/t>htLTCiH 5 IStfflLft 
#*, -t©ffcb t) CCHi I , n-C<H! I, t e r t - 
C4H9 I ft«fflf*£i3J»Tr**. D^F-/t> 
RLTt-BNH! (t e r t -C4H9NH2) ftffiffl 
b&#, ^CftbDCNHi, CHiNs, CjHiNs, 

(ch.) 2NNHift«jrr*;iiatTrs*. *&. n 

- G a A s Stpt©«t> OtCp-GaAs *Rftffl V>£ £ 

ft^«fcTKBbfc*tJttejKfc+ntfJ;Vi. 
[0 0 6 5] HiS«3~*J643i|5tC^V^Ttt, 5536*? 
£bT*i*#:W~ ifftWctORWbfc**, *f!W©5S 
3t*TfcttLEDt>fi^Sn.5. WAtf*»«3tS* 
WCli|5|«©#|jift*r*LEDS*56^©MOCVD 
SSfcTfWTS Jl:lt RGB 0£©H 

flUfi) ft*3fr*LED J f»*W#l'-1f**y'JS/y^ 
(Cffi^ST. «^49t*>&»tB*nfc«TH-AftC:tl5 

©led ^mft u-4f\zm& a -frT, cnS©LED 

*>¥*ttl'— !f# ^ R G B ta*****^©***? 

^©MOCVDSCT^fSTSdtfcT^S. 
[0 0 6 6] HfEffl 5 CiSV»T»» DMSeSL 

< «d e s ©«is«ftattw*-5v^isitwfc*fl3$-e 

5uil:ioTZn/Mg ©ffi^ftSSeWS. 5 V> ttgtRT 
«fc*fl;Sl*««*tftK9iL;fc*t, *©ftfc0teDMZ 
n^b<ti (MeCp) !Mg©MfiSaW*5^ 

«a»Wfc*fts«T, s/seju*n&ftatttt&« 
mvmmz, *^§g©MocvDSft®fflt-5rtfe-c 

[0 0 6 7] 

M g at#*n*fc£**N»#**MO C VDftfcT»j* 
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[01] (MeCp) 2 Mg^XCD«jf&at, Mg&m 

m& [x/ (i-x) ] i^:;OF*ty^E g ^ 

[03] X«dy^>5f*-^(Z)IS*ft«-rHTft«. 
[04] Mgjfi^ [X] tDES/DMS e (D&tfaMM 

[0 5] ^M«3©*WfrV-1foSa:»^:-ffl»rH0 
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[0 6] *)fi«4<Z>^#*V-ir©«SW?a:^»r]S0 
[0 7] ^ffifl 5 I— * !f ©«S0Sft-«|fM 0 

[0 8] HXv^ D^>^yX - K^y^/AlOlf 

10 GaAsSS 
10 11,13 iryyFM 
12 SttJI 
14 ^y^l 
15, 16 
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